V 



J 



Europaisches Patentamt 
® QJ|/j European Patent Office © Publication number: 0 082 481 

Office europ6en des brevets A1 



© EUROPEAN PATENT APPLICATION 

© Application number: 82111665.4 © Int. CI. 3 : A 61 K 45/02 

© Date of filing: 15.12.82 



© 



30) Priority: 23.12.81 US 334052 
19.11.82 ZA 828580 



© Date of publication of application: 
29.06.83 Bulletin 83/26 

® Designated Contracting States: 

AT BE CH DE FR GB IT U LU NL SE 



© Applicant: SCHERING CORPORATION 
2000 Galloping Hil! Road 
Kenilworth, New Jersey O7033(US) 

© Inventor: KwarL Henry King Hong 
37 Knob till Drive 
Summit New Jersey 07901 (US) 

© Representative: Antony, Fritz, Dr. et al, 
P.O. Box 601 Winkelriedstrasse 35 
CH-6002Lucerne(CH] 



© Stabilised interferon formulations and their preparation. 

© iQterjej ^ formulations having in particular improv ed 
stalliiiiy_flifijn^ the form of a lyopnmsed pharmaceutical 
composition for reconstitution with sterile water, comprising 
interferon, an amino acid or derivative thereof selected from 
glycine, a-atanine and pharmaceutically acceptable salts 
thereof, and a compatible buffer system. 



< 
§ 

N 

00 

o 

o 

flu 

LU 



Croydon Printing Company Ltd 



0082481 



"STABILISED INTERFERON FORMULATIONS AND THEIR PREPARATION" 



The present invention relates to interferon formulations 
having improved stability and to methods for their prepara- 
tion, 

5 The formulation s of the pre sent invention are useful in 
preparing sterile solutions, especi ally for inje ction or for 
use as nasal sprays, nasal solutions or ophthalmic solutions, 
or in the preparation of ointments, wherein interferon is 
the active drug. Interferon shows great potential in the 
10 treatment of a wide variety of disease states and particu- 
larly of various types of viral infections. 

The well-known instability of interferon solutions makes 
it difficult to formulate stable compositions for clinical 
or veterinary use. Accordingly, it has been proposed to 

15 .package interferon in lyophilised form for reconstitution 
with sterile water. Such a composition will contain a buffer 
to maintain a pharmaceutical^ acceptable pH when the so- 
lution is reconstituted and also sufficient sodium chloride 
to make the reconstituted solution isotonic. However, even 

20 in such a lyophilised composition, the interferon shows very 
limited and insufficient stability. 

We have surprisi ngly dis c overed that the incorporation of 
certain amino acids and simple d erivatives^ther eof into 
lyophilised interferon compositions yie lds a pharmaceutical^ 
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acceptable lyophilised product that has significantly 
improved stability. Furthermore, it is possible by this means 
-to obtain further advantages such as greater ease in the 
lyophilisation step itself, better reconstitution of the 
lyophilised product, and better appearance of the product 
(in particular less colouration). 

The present invention therefore provides a lyophilised 
pharmaceutical composition, for reconstitution with sterile 
water, comprising interferon together with a stabilising 
amount of an amino acid or derivative thereof selected from 
glycine, a-alanine—and pharmaceutical^ acceptable salts 
thereof! and a compatible buffer system. Conveniently, there 
are about 1 x 10 4 to 5 x 10 8 , preferably 1 x 10 6 to 1 x 10 , 
International Units (I.U.) of interferon present for every 
5 to 150 mgs. of amino acid or derivative thereof, the 
weight of any derivative of the amino acid being calculated 
as free amino acid. 

The interferon used in the compositions according to the 
invention may be any interferon but is preferably a human 
interferon or another interferon suitable for use in humans, 
or a polypeptide exhibiting biological properties similar 
to those of such an interferon. In particular, the human 
interferon may be a leukocyte or a fibroblast interferon, 
and may have been prepared either by cultivation of leu- 
kocytes or fibroblasts or by cultivation of microorganisms 
suitably programmed, through genetic engineering, i.e. by 
recombinant DNA methods, to produce such interferons or 
equivalent polypeptides . 

The human interferon may be a-interferon, 5-interferon, or 
^-interferon. It should be noted that a number of a-inter- 
feron species are known, usually designated by a numeral 
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after the Greek 1 tter. Also included within the scope of 
this invention are the so-called hybrid interferons wherein 
fragments of two or more native interferon species are 
joined. See, for example, EPA 51873 wherein hybrids of 
a- interferons are described. An example of such a hybrid 
a- interferon comprises the first 92 amino acids of a-1 inter- 
feron joined to a fragment comprising amino acids 92-165 
of a-2 interferon (carboxy terminal portion) . A particu- 
larly preferred form of a -interferon for use in the for- 
mulations of the present invention is a-2 interferon, es- 
pecially a-2 interferon prepared by recombinant DNA methods, 
for example those disclosed by Nagata et al. in "Nature" 
Vol. 284, pages 316-320 (1980). Another preferred form of 
a-interferon for use in the formulations of the present 
invention is a-1 interferon, especially a-1 "interferon 
prepared by recombinant DNA methods. 

The specific activity of the a-2 interferon used in the 
formulations of the present invention should desirably be at 
least 5 x 10^ I.U./mg. protein (of the interferon component) 9 

Q 

and preferably at least 1 x 10 I.U./mg. protein. Specific 
activity may be determined by measuring the antiviral 
activity as compared to the NIH reference standard and by 
measuring the total protein content using standard methods 
(e*g. the Lowry method). Similarly, high specific activity 
is desirable for clinical use of other interferons. At high 
levels of specific activity maintaining stability has hither- 
to been particularly difficult. 

The amino acids are preferably used as the amino acids 
themselves, that is as glycine and a -alanine. Under these circum- 
stances, about 5 to 150 mgs. , preferably 5 to 25 mgs., especially 7 

to 22 mgs., of a-alanine or especially of glycine vill be present for 

4 8 
1 x 10 to 5 x 10 I.U. of interferon. 
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A composition containing these amounts of the ingredients 
is suitable for reconstitution by 1 ml. of sterile water. 

The buffer system present in the compositions according 
to the invention is selected to be physiologically compa- 

5 tible and to maintain a desired pH in the reconstituted 
solution and also in the solution before lyophilisation. 
The pH of the reconstituted compositions of the present 
invention, especially those comprising a-2 interferon, 
should be about 6.5 to 8.0, preferably about 7.0 to 7.4. 

10 A preferred buffer system especially for compositions of 
a-2 interferon comprises disodium hydrogen phosphate and 
mono- sodium dihydrogen phosphate. 

Whether an amino acid itself or a salt thereof is used, 
the buffer will be chosen to adjust the pH of the compo- 
15 sition (after reconstitution) to a value within the desired 
range as indicated above. 

Further components may be present in the compositions 
according to the invention, provided that they are physio- 
logically compatible and are in no way detrimental to the 
20 interferon. In particular, a further stabiliser may be 

added. A preferred further stabiliser is albumin, especi- 
ally human albumin when the compositions are designed for 
clinical use. For the above-mentioned quantity of amino 
acid (or derivative thereof calculated as amino acid) , 
25 namely 5 to 150 mgs., (in particular preferably 5 to 25 mgs, 
of glycine), up to about 10 rog. of albumin, expecially 
about 1 mg. , may be added. 

If the amount of interferon (especially o-interferon) in 
a milliliter of reconstituted solution is to be less than 
30 about 5 x 10 6 I.U., the addition of albumin is very desir- 
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able. 

A particularly preferred embodiment of the present inven- 
tion contains the cited ingredients in the following pro- 
portions: 

6 8 

5 1 x 10 to 1 x 10 I. U. of a-interferon (especially a-2 
interferon) ; 

about 5 to 25 mgs., preferably 7 to 22 mgs., of a-alanine 
or especially of glycine; 

a compatible buffer system designed to provide a pH of about 7.0 to 
10 7.4 in the reconstituted solution; 
and about 1 milligram of albumin. 

The invention further provides a process for the prepa- 
ration of a novel composition as defined above which com- 
prises the steps of: dissolving the amino acid or deri- 
15 vative thereof selected from glycine, a-alanine and pharm- 
aceutical^ acceptable salts thereof, a compatible buffer 
system, optionally human albumin, and the interferon in 
sterile water; and lyophilising the resulting solution. 

The water used in reconstituting the compositions of the 
20 present invention may also contain compatible ingredients , 
in particular preservatives such as methyl or isopropyl 
jg-hydroxy-benzoate. Such preservatives are advantageous 
where the resulting solutions will be used not as a single 
dose but for multiple applications, for example as nasal 
25 or -ophthalmic solutions. 

The following non-limiting examples illustrate the pre- 
paration of a sterile lyophilised powder for preparing 
injectable solutions of an interferon; the preferred inter- 
feron is a-2 interferon. 
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EXAMPLE 1 

Solution for Lyophilisation (1000 vials; 1 ml. per vial) 
Formula 

Interferon 7.5 x 10 1G I.U. 

5 Disodium Hydrogen Phosphate, 

Anhydrous, USP/ Reagent 2.27 grams per liter. 

Sodium Dihydrogen Phosphate, USP 0.55 gram per liter. 
Glycine, USP 20.0 grams per liter. 

Human Albumin, USP 1.0 gram per liter. 

10 Water for Injection, USP q.s. ad 1.0 liter. 

Method of Manufacture 

1. Charge a portion of the water into a suitable vessel 
equipped with an agitator. 



2. Charge and dissolve with agitation the sodium phos- 
15 phates. 

3. Charge and dissolve with agitation the glycine. 
*J. Charge and dissolve with agitation the albumin. 

5. Charge and dissolve with agitation the Interferon. 

6. Bring the batch to final volume with Water for Injection, 
20 USP . 

7. In a sterile area, aseptically filter zhe solution into 
a sterilised vessel through a sterilised 0.2 nicron 
filter which has been washed and tested for integrity. 
Test the integrity of the filter after filtration. 

25 8. Aseptically fill the solution into sterilised vials. 
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9. Aseptically load the filled vials into a sterilised 
lyophiliser. 

10. Aseptically lyophilise the solution. 

11. Aseptically stopper the vials. 

12. Apply the seal and crimp the vials. 

Method of Lyophilisation (Using a Shelf Lyophiliser) 

1. Precool the shelves to -30°C. 

2. Load the vials into the chamber. 

3. Allow the solutions to freeze. Cool the condenser to 
-45°C. or below. Start the vacuum. Maintain shelf 
temperature at -30°C. for at least 12 hours. 

H. Increase shelf temperatures at a relatively constant 
rate to no more than +25°C. in a period of no less than 
about 2k hours. 

5. When the product temperature reaches +25°C, flood the 
chamber with sterile nitrogen until it reaches atmos- 
pheric pressure. Stopper the vials in the chambers. 

6. Remove the vials from the chamber and seal them. 

EXAMPLE 2 

A preferred formulation of the present invention wherein 
the interferon is a-2 interferon is prepared by following 
the procedure cf Example 1, using a- 2 interferon as the 
interferon but substituting a-alanine for glycine. 
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EXAMPLE 3 

A preferred formulation of the present invention wherein 
the interferon is a-1 interferon is prepared by following 
the procedure of Example 1 but using a-1 interferon as the 
5 interferon. 

EXAMPLE H 

Another preferred formulation of the present invention is 
prepared by following the procedure of Example 1 but using 
a-1 interferon as the interferon and substituting a-alanine 
10 for glycine. 

Per cent recovery of ex-2 Interferon from different 
formulations under different storage conditions. 

Storage time Storage Tern- *Formulations 

(months) perature (°C.) I II III 

15 Initial 100 100 100 

% recovery of cc-2 Interferon 
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*Formulations: 

I: According to present invention, lyophilised; 

25 II: Php^phate buffer with saline, pH 7.4, solution; 
III: Formulation II, lyophilised. 
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CLAIMS 

1. A lyophilised pharmaceutical composition for reconsti- 
. tution with sterile water, comprising interferon, a stabi- 
lising amount of an amino acid or derivative thereof selected 

5 from glycine, a-alanine and pharmaceutical^ acceptable 
salts thereof, and a compatible buffer system. 

2. A composition as claimed in claim 1 wherein there are 
about 1 x 10 1 * to 5 x 10^ International Units of interferon 
present for every 5 to 150 mgs. of amino acid or derivative 

10 thereof, the weight of any derivative of the amino acid being 
calculated as the free amino acid. 

3. A composition as claimed in claim 1 or claim 2 compri-r 
sing also up to about 10 mgs. s preferably about 1 mg., of 
human albumin for every 5 to 150 mgs. of amino acid or 

15 pharmaceutical^ acceptable salt thereof. 

H. A composition as claimed in any of claims 1 to 3 
wherein the buffer system is designed to maintain a pH of 
about 6.5 to 8.0, preferably about 7.0 to 7.^, after re- 
constitution. 

20 5- A composition as claimed in any of claims 1 to 4 

wherein the buffer system comprises disodium hydrogen phos- 
phate and monosodium dihydrogen phosphate. 

6. A composition as claimed in any of claims 1 to 5 
wherein the interferon is a human interferon, preferably 
a leukocyte interferon or a fibroblast interferon, in 
particular where the interferon is u-interferon or 3-inter- 
feron, especially a-2 interferon or a-1 interferon. 

7. A composition ciaimc-5 in any of claims 1 to 6 wherein 

ORIGINAL 



- 10 - 



0082481 



the interferon has been prepared by recombinant DNA methods. 

8. A composition as claimed in any of claims 1 to 7 

wherein there are 5 to 25 mgs., preferably 7 to 22 mgs., 

ll q 

of glycine for every 1 x 10 to 5 x 10 International Units 
of interferon • 

9. A composition as claimed in any of claims 1 to 7 con- 

c q 

taining 1 x 10 to 1 x 10 International Units of interferon 
for every 5 to 150 mgs., preferably 5 to 25 mgs., especially 
7 to 22 mgs., of a-alanine, glycine or pharmaceutical^ 
acceptable salts thereof , the weight of any derivative of the 
glycine or a-alanine being calculated as free amino acid. 

10. A composition as claimed in any of claims 1 to 9 

6 8 

comprising: 1 x 10 to 1 x 10 International Units of a-inter- 
feron, especially a-2 interferon; 

about 5 to 25 mgs., preferably 7 to 22 mgs., of a-alanine 
or especially glycine] 

a compatible buffer system, especially a mixture of disodium 
hydrogen phosphate and monosodium dihydrogen phosphate, 
designed to provide a pH of about 1.0 to 7 - 1 * in the recon- 
stituted solution; 
and about 1 rag. of human albumin. 

11. A process for the preparation of a composition as 
claimed in claim 1 which comprises the steps of: dissolving 
the amino acid or derivative thereof selected from glycine, 
a-alanine and pharmaceutical^ acceptable salts thereof, 

a compatible buffer system, optionally human albumin, and 
the interferon, in sterile water; and lyophilising the re- 
sulting solution. 
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12. A method for the stabilisation of a lyophilised 

pharmaceutical composition for reconstitution with sterile 
water, comprising interferon and a compatible buffer system, 
which comprises incorporating a stabilising amount of an 
.amino acid or derivative thereof selected from glycine > ct- 
-alanine and pharmaceutical^ acceptable salts thereof into 
the composition before lyophilisation. 



J) 



Europ an Pat nt 
Offic 



EUROPEAN SEARCH REPORT 



0082481 

Application number 

EP 82 11 1665 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. CI.*) 



FR-A-2 505 657 (INSTITUT 
PASTEUR) 

*Pages 17-18; claims 1-9* 



EP-A-0 027 573 (THE MEDICAL 
COLLEGE OF WISCONSIN/ INC.) 
*Pag 5, line 11 - page 6, line 
20* 



BIOLOGICAL ABSTRACTS, vol. 68, 
no. 8, 1979, no. 49094, 
Philadelphia, Pa., (USA); 
A.S.LEVINE: "initial clinical 
trials in cancer patients of 
polyriboinosinic-polyribocytidyli 
c acid stabilized with 

poly-L- lysine, in 
carboxymethylcellulose 
(poly(ICLC), a highly effective 
interferon inducer" . & 

CANCER-RES. 39(5), 1645-50, 1979. 
*Abstract* 



1-12 



A 61 K 45/02 



1-12 



1-12 



TECHNICAL FIELDS 
SEARCHED (Int. CI. a ) 



A 61 K 



The present search report has been drawn up for all claims 



WfflSStas 



Date ojj ymoje^ion jMhe search 



Examiner 

BRINKMANN C. 



8 
8 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant tf combined with another 

document of the same category 
A : technological background 
0 : non-written disci sure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published n, or 

after the filing date 
D : document cited in the application 
L : document cited f r ther reasons 

& : member of the same patent family, corresp nding 
d cument 



Europaisches Patentamt 
European Pat nt Offic 
Office urop6 nd s brevets 



(jj) Publication number: 



0 082 481 

B1 



® 



EUROPEAN PATENT SPECIFICATION 



@ Date of publication of patent specification: 13.03.85 
(§) Application number: 82111665.4 
® Date of filing: 15.12.82 



(g) Intel. 4 : A 61 K 45/02 



Stabilised interferon formulations and their preparation. 



® Priority: 23.12.81 US 334052 
19.11.82 ZA 828580 



(§) Date of publication of application: 
29.06.83 Bulletin 83/26 



Publication of the grant of the patent: 
13.03.85 Bulletin 85/11 



® Designated Contracting States: 
AT BE CH DE FR GB IT LI LU NL SE 



(58) References cited: 
EP-A-0027 573 
FR-A-2505657 

OQ BIOLOGICAL ABSTRACTS, vol. 68, no. 8, 1979, 
no. 49099, Philadelphia, Pa. f (USA); A.S.Levine 

00 

CM 
00 



® Proprietor: SCHERING CORPORATION 
2000 Galloping Hill Road 
Kenilworth, New Jersey 07033 (US) 

(72) Inventor: Kwan, Henry King Hong 
37 Knob Hill Drive 
Summit New Jersey 07901 (US) 

@ Representative: Antony, Fritz, Dr. et al 

c/o Scherico Ltd. P.O. Box 601 Topferstrasse 5 
CH-6002 Lucerne (CH) 



Q. 
Ul 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may 
give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall 
be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been 
paid. (Art. 99(1 ) European patent convention), 

Courier Press, Leamington Spa, England. 



0082 481 



Description 

Th present invention relates to interferon formulations having improved stability and to m thods 
for their preparation. 

5 The formulations of the present invention are useful in preparing sterile solutions, especially for 
inj ction or for use as nasal sprays, nasal solutions or ophthalmic solutions, or in th preparation of 
ointments, wherein interferon is the active drug. Interferon shows great potential in the treatment of a 
wide variety of disease states and particularly of various types of viral infections. 

The well-known instability of interferon solutions makes it difficult to formulate stable 

10 compositions for clinical or veterinary use. Accordingly, it has been proposed to package interferon in 
lyophilised form for reconstitution with sterile water. Such a composition will contain a buffer to 
maintain a pharmaceutically acceptable pH when the solution is reconstituted and also sufficient 
sodium chloride to make the reconstituted solution isotonic. However, even in such a lyophilised 
composition, the interferon shows very limited and insufficient stability. 

is We have surprisingly discovered that the incorporation of certain amino acids and simple 
derivatives thereof into lyophilised interferon compositions yields a pharmaceutically acceptable 
lyophilised product that has significantly improved stability. Furthermore, it is possible by this means to 
obtain further advantages such as greater ease in the lyophilisation step itself, better reconstitution of 
the lyophilised product, and better appearance of the product (in particular less colouration). 

20 The present invention therefore provides a lyophilised pharmaceutical composition, for 
reconstitution with sterile water, comprising interferon together with a stabilising amount of an amino 
acid or derivative thereof selected from glycine, a-alanine and pharmaceutically acceptable salts 
thereof, and a compatible buffer system. Conveniently, there are about 1 x10 4 to 5x10 s , preferably 
1 x10 6 to 1 x10 8 . International Units (I.U.) of interferon present for every 5 to 1 50 mg of amino acrd or 

25 derivative thereof, the weight of any derivative of the amino acid being calculated as free amino acid. 

The interferon used in the compositions according to the invention may be any interferon but is 
preferably a human interferon or another interferon suitable for use in humans, or a polypeptide 
exhibiting biological properties similar to those of such an interferon. In particular, the human interferon 
may be a leukocyte or a fibroblast interferon, and may have been prepared either by cultivation of 

30 leukocytes or fibroblasts or by cultivation of microorganisms suitably programmed, through genetic 
engineering, i.e. by recombinant DNA methods, to produce such interferons or equivalent polypeptides. 

The human interferon may be or-interferon, ^-interferon, or y-interferon. It should be noted that a 
number of a-interferon species are known, usually designated by a numeral after the Greek letter. Also 
included within the scope of this invention are the so-called hybrid interferons wherein fragments of 

35 two or more native interferon species are joined. See, for example, EPA 51 873 wherein hybrids of a- 
interferons are described. An example of such a hybrid ar-interferon comprises the first 92 amino acids 
of a-1 interferon joined to a fragment comprising amino acids 92 — 165 of a-2 interferon (carboxy 
terminal portion). A particularly preferred form of a-interferon for use in the formulations of the present 
invention is a-2 interferon, especially a-2 interferon prepared by recombinant DNA methods, for 

40 example those disclosed by Nagata et al. in "Nature", Vol. 284, pages 316—320 (1980). Another 
preferred form of a-interferon for use in the formulations of the present invention is a-1 interferon, 
especially a-1 interferon prepared by recombinant DNA methods. 

The specific activity of the a-2 interferon used in the formulations of the present invention should 
desirably be at least 5x10 7 I.U./mg. protein (of the interferon component), and preferably at least 

45 1x10 a l.uymg. protein. Specific activity may be determined by measuring the antiviral activity as 
compared to the NIH reference standard and by measuring the total protein content using standard 
methods (e.g. the Lowry method). Similarly, high specific activity is desirable for clinical use of other 
interferons. At high levels of specific activity maintaining stability has hitherto been particularly difficult. 
The amino acids are preferably used as the amino acids themselves, that is as glycine and a- 

so alanine. Under these circumstances, about 5 to 1 50 mgs., preferably 5 to 25 mg, especially 7 to 22 mg. 
of a-alanine or especially of glycine will be present for 1 x 1 0 4 to 5x 1 0 8 I.U. of interferon. 

A composition containing these amounts of the ingredients is suitable for reconstitution by 1 ml. 
of steriie water. 

The buffer system present in the compositions according to the invention is selected to be 
55 physiologically compatible and to maintain a desired pH in the reconstituted solution and also in the 
solution before lyophilisation. The pH of the reconstituted compositions of the present invention, 
especially those comprising a-2 interferon, should be about 6.5 to 8.0, preferably about 7.0 to 7.4. A 
preferred buffer system especially for compositions of a-2 interferon comprises disodium hydrogen 
phosphate and mono-sodium dihydrogen phosphate. 
so Whether an amino acid its If or a salt thereof is us d, th buffer will be chosen to adjust the pH of 
the comp sition (after reconstitution) to a value within the desired rang as indicated above. 

Further components may be present in the compositions according to the invention, provided that 
they are physiologically compatible and are in no way detrimental to the interferon. In particular,^ 
further stabiliser may be added. A preferred further stabiliser is albumin, especially human albumin 
65 when the compositions are designed for clinical use. For the above-mentioned quantity of amino acid 
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(or derivative ther of calculated as amino acid), nam ly 5 to 150 mg, (in particular preferably 5 to 25 
mgs. of glycine), up to about 1 0 mg. of albumin, specially about 1 mg., may b added. 

If the amount f interferon (especially a-interferon) in a milliliter of reconstituted solution is to be 
less than about 5x10 6 I.U.,th addition of albumin is very desirable. 
6 A particularly preferred embodiment of the present invention contains the cited ingredients in the 
following proportions: 

1 x 1 0 6 to 1 x 1 0 8 I.U. of a-interferon (especially ar-2 interferon); 
about 5 to 25 mg, preferably 7 to 22 mg, of or-aianine or especially of glycine; 
a compatible buffer system designed to provide a pH of about 7.0 to 7.4 in the reconstituted 
10 solution; » 

and about 1 milligram of albumin. >t 
The invention further provides a process for the preparation of a novel composition as defined 
above which comprises the steps of: dissolving the amino acid or derivative thereof selected from 
glycine, a-alanine and pharmaceutical^ acceptable salts thereof, a compatible buffer system, optionally 
human albumin, and the interferon in sterile water; and lyophilising the resulting solution. 

The water used in reconstituting the compositions of the present invention may also contain 
compatible ingredients, in particular preservatives such as methyl or isopropyl p-hydroxy-benzoate. 
Such preservatives are advantageous where the resulting solutions will be used not as a single dose 
but for multiple applications, for example as nasal or ophthalmic solutions. 

The following non-limiting examples illustrate the preparation of a sterile lyophihsed powder for 
preparing injectable solutions of an interferon; the preferred interferon is a-2 interferon. 

Example 1 

Solution for Lyophilisation ( 1 000 vials; 1 ml. per vtel) 



15 
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Formula 

Interferon 7.5x10 1 °I.U. 



Disodium Hydrogen Phosphate, 
so Anhydrous, USP, Reagent 2.27 grams per liter. 

Sodium Dihydrogen Phosphate, USP 0.55 gram per liter. 

Glycine, USP 20.0 grams per liter. 

35 

Human Albumin, USP 1 -0 gram per liter. 

Water for Injection, USP q.s. ad 1 .0 liter. 

40 Method of manufacture _: t ^ r 

1 . Charge a portion of the water into a suitable vessel eqiupped with an agitator. 

2. Charge and dissolve with agitation the sodium phosphates. 

3. Charge and dissolve with agitation the glycine. 

4. Charge and dissolve with agitation the albumin. 
45 5. Charge and dissolve with agitation the Interferon. 

6. Bring the batch to final volume with Water for Injection, USP. 

7. In a sterile area,aseptically filter the solution into a sterilised vessel through a . steri lised I0.2 
micron filter which has been washed and tested for integrity. Test the integrity of the filter after 

filtration. , 
so 8. Asepticaily fill the solution into sterilised vials. 

9. Asepticaily load the filled vials into a sterilised lyophiliser. 

1 0. Asepticaily lyophilise the solution. 

1 1 . Asepticaily stopper the vials. 

1 2. Apply the seal and crimp the vials. 

Method of lyophilisation (using a shelf lyophiliser) 

1 . Precool the shelves to -30°C. 

2. Load the vials into the chamber. 

3. Allow the solutions to freeze. Cool the condenser to -45°C. or below. Start the vacuum. 
so Maintain shelf temperature at ^30°C. for at least 1 2 hours. • 

4. Incr ase sh If temperatures at a relatively constant rat to no mor than +25°C. in a period or 
no less than about 24 hours. ^ ... I+ 

5. When the product temp ratur reaches +25°C, flood the chamber with sterile nitrogen until it 
reaches atmosph ric pressure. Stopper the vials in th chamb rs. 

65 6. Remove the vials from th chamber and seal them. 
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Example 2 

A preferred formulation of the present invention wherein the interferon is a-2 interf ron is 
pr pared by following the procedure of Example 1, using a-2 int rferon as the interferon but 
substituting a-alanine for glycine. 

5 

Example 3 

A preferred formulation of the present invention wherein the interferon is a-1 interferon is 
prepared by following the procedure of Example 1 but using a-1 interferon as the interferon. 

w Example 4 

Another preferred formulation of the present invention is prepared by following the procedure of 
Example 1 but using a-1 interferon as the interferon and substituting a-alanine for glycine. 



Per cent recovery of a-2 Interferon from different formulations under 
15 different storage conditions. 

Storage time Storage 'Formulations 

(months) temperature (°C.) I II III 



20 Initial 100 100 100 

% recovery of a-2 Interferon 
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35 'Formulations: 

I: According to present invention, lyophilised; 
II: Phosphate buffer with saline, pH 7.4, solution; 
III: Formulation II, lyophilised. 

40 Claims 

1. A lyephBtsed pharmaceutical -ooqi position for reco nstitution with sterile water, comprising 
interferon, a s tabilising am ount of an amino acia or aenvative thereo f selected from glycine, a-al anine 
and pharmaceutical^ acceptable salts thereof, and a compatible buffer system. * 
45 2. A composition as claimed in claim 1 wherein there are about lx10 4 to 5x10 8 International 
Units of interferon present for every 5 to 1 50 mg of amino acid or derivative thereof, the weight of any 
derivative of the amino acid being calculated as the free amino acid. 

3. A composition as claimed in claim 1 or claim 2 comprising also up to about 10 mg, preferably 
about 1 mg., of human albumin for every 5 to 150 mg of amino acid or pharmaceutically acceptable 

so salt thereof. 

4. A composition as claimed in any of claims 1 to 3 wherein the buffer system is designed to 
maintain a pH of about 6.5 to 8.0, preferably about 7.0 to 7.4, after reconstitution. 

5. A composition as claimed in any of claims 1 to 4 wherein the buffer system comprises 
disodium hydrogen phosphate and monosodium dihydrogen phosphate. 

56 6. A composition as claimed in any of claims 1 to 5 wherein the interferon is a human interferon, 

preferably a leukocyte interferon or a fibroblast interferon, in particular where the interferon is <x- 

interferon or ^-interferon, especially a-2 interferon or a-1 interferon. 

7. A composition claimed in any of claims 1 to 6 wherein the interferon has been prepared by 

r combinant DNA methods. 
60 8. A composition as claimed in any of claims 1 to 7 wherein there are 5 to 25 mg, preferably 7 to 

22 mg, of glycine for every 1 x 1 0 4 to 5x 1 0 8 International Units of interferon. 

9. A composition as claimed in any of claims 1 to 7 containing 1 x10 6 to 1 x10 8 International 

Units of interferon for every 5 to 150 mg, preferably 5 to 25 mg, specially 7 to 22 mg, of a-alanine. 

glycine or pharmaceutically acceptable salts thereof, the weight of any derivative of the glycine or a- 
65 alanine being calculated as free amino acid. 
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10. A composition as claimed in any of claims 1 to 9 comprising: 1 x10 6 to 1 x10 8 International 
Units of a-interferon, especially a-2 interferon; 

about 5 to 25 mg, preferably 7 to 22 mg, of a-aJanine or especially glycine; 
a compatibl buff r system, especially a mixtur of disodium hydrogen phosphate and 
s monosodium dihydrogen phosphate, designed to provide a pH of about 7.0 to 7.4 in the reconstituted 
solution; 

and about 1 mg. of human albumin. 

1 1 . A process for the preparation of a composition as claimed in claim 1 which comprises the 
steps of: dissolving the amino acid or derivative thereof selected from glycine, a-alanine and 

10 pharmaceutical^ acceptable salts thereof, a compatible buffer system, optionally human albumin, and 
the interferon, in sterile water; and lyophilising the resulting solution. 

12. A method for the stabilisation of a lyophilised pharmaceutical composition for reconstitution 
with sterile water, comprising interferon and a compatible buffer system, which comprises 
incorporating a stabilising amount of an amino acid or derivative thereof selected from glycine, a- 

is alanine and pharmaceutical^ acceptable salts thereof into the composition before lyophilisation. 



Revendications 



1. Composition pharmaceutique lyophilisSe pour reconstitution avec de I'eau sterile, comprenant 
20 1'interferon, une quantity stabilisante d'un acide amine ou sel de celui-ci choisi parmi glycine, a-alanine 

et leurs sels acceptables en pharmacie, et un systeme tampon compatible. 

2. Composition selon la revendication 1 caracterisee en ce qu'eiie comprend environ 1x10 4 £ 
5x 10 8 Unites Internationales Tinterferon pour chaque 5 d 1 50 mg d'acide amine ou derive de celui-ci, 
le poids de tout derive d'acide amine etant calculi par rapport de I'acide amine libre. 

25 3. Composition selon la revendication 1 ou 2 caract6ris6e en ce qu'elle comprend egalement 
jusqu'a environ 10 mg, et de preference environ 1 mg d'aibumine humaine pour chaque 5 & 1 50 mg 
d'acide amine ou sel acceptable en pharmacie de celui-ci. 

4. Composition selon Tune des revendications 1 d 3 caracterisSe en ce que le systeme tampon est 
destine 3 maintenir un pH d'environ 6,5 a 8 etde preference environ 7 a 7,4 aprds reconstitution. 

30 5. Composition selon Tune des revendications 1 d 4 caracterisee en ce que le systeme tampon 

comprend de Thydrog6no phosphate disodique et du dihydrog6no phosphate mpnosodique. 

6. Composition selon Tune des revendications 1 h 5 caract6ris6 en ce que 1'interferon est un inter- 
feron humain, de preference un interferon de leucocyte ou un interferon de fibroblaset, en particulier ou 
1'interferon est a-interferon ou /J-interferon, specialement 1 'a-2 interferon ou a-1 interferon. 

35 7. Composition selon Tune des revendications 1 £ 6 caracterisee en ce que I'interferon a efe 

prepare par des proced£s de recombinaison d'ADN. 

8. Composition selon Tune des revendications 1 3 7, caracterisee en ce qu'elle comprend 5 a 25 
mg, de preference 7 a 22 mg de glycine pour chaque 1x10 4 a 5x10 8 Unites Internationales d'inter- 
feron. 6 

40 9. Composition selon Tune des revendications 1 § 7 caracterisee en ce qu elle comprend 1x10 a 
1x10 8 Unites internationales d'interferon pour chaque 5 § 150 mg, de preference 5 a 25 mg, et 
specialement 7 a 22 mg de a-alanine, glycine ou de leurs sels acceptables en pharmacie, le poids de 
tout derive de glycine ou a-alanine etant calcuie par rapport a I'acide amine. 

10. Composition selon Tune des revendications 1 & 9, caracferisee en ce qu'elle comprend 1x10 

45 a 1 x10 8 Unites internationals d'interferon, et specialement a-2 interferon; environ 5 £ 25 mg, et de 
preference 7 a 22 mg d'a-alanine ou en particulier glycine; Un systeme tampon compatible, en parti- 
culier un melange d'hydrogeno phosphate disodique et de di-hydrog6no phosphate monosodique, des- 
tine a fournir un pH d'environ 7 d 7,4 dans la solution reconstituee, et environ 1 mg d'albumin 
humaine. 

so 11. Procede de preparation d'une composition selon la revendication 1 caractense en ce qu M 
comprend les etapes de: dissoudre I'acide amine ou derive de celui-ci choisi parmi glycine, a-alanine et 
sels acceptables en pharmacie de ceux-ci, un systeme tampon compatible, eventuellement de 
I'albumine humaine, et I'interferon, dans de I'eau sterile; et lyophiliser la solution resultants. 

1 2. Precede pour la stabilisation d'une composition pharmaceutique lyophilisee pour reconstitu- 

55 tion avec de I'eau sterile, comprenant I'interferon et un systdme tampon compatible, caractense en ce 
qu'il comprend I'incorporation d'une quantite stabilisante d'un acide amine ou d6riv6 de celui-ci choisi 
parmi glycine, a-alanine et sels acceptables en pharmacie de ceux-ci dans la -composition avant 
lyophilisation. 



60 Pat ntanspruche 

1 . Lyophilisi rte pharmazeutische Zusammensetzung zur Rekonstitution mit sterilem Wasser, ent- 
haltend Interferon, eine stabilisierende Menge einer Aminosaure ausgewahlt aus Glycin, a-Alanin una 
deren pharmazeutisch unbedenklichen Saizen oder eines Derivats derselben sowie em vertragiicnes 
65 Puff r-System. 
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2. Zusammensetzung nach Anspruch 1, dadurch gekennz ichnet, daft etwa 1x10 4 bis 5x10 8 
Internationale Einheiten Interferon auf jeweils 5 bis 1 50 mg der Aminosaure Oder ihres Derivats vor- 
liegen, wobei das Gewicht irgendeines Derivats der Aminosaure als frei Aminosaure berechnet wird. 

3. Zusammensetzung nach Anspruch 1 oder Anspruch 2, dadurch gekennzeichnet, daft sie 
s aufterdem bis zu etwa 10 mg, vorzugsweise etwa 1 mg, Humanalbumin auf jeweils 5 bis 1 50 mg der 

Aminosaure oder ihres pharmazeutisch unbedenklichen Salzes enthalt. 

4. Zusammensetzung nach irgendeinem der Anspruche 1 bis 3, dadurch gekennzeichnet, daft das 
Puffer-System so eingerichtet ist, daft es einen pH von etwa 6,5 bis 8,0, vorzugsweise etwa 7,0 bis 7,4, 
nach der Rekonstitution aufrechterhalt. 

w 5. Zusammensetzung nach irgendeinem der Anspruche 1 bis 4, dadurch gekennzeichnet, daft das 
Puffer-System Dinatriumhydrogenphosphat und Mononatriumdihydrogenphosphat enthalt. 

6. Zusammensetzung nach irgendeinem der Anspruche 1 bis 5, dadurch gekennzeichnet, daft das 
Interferon ein Human-lnterferon, vorzugsweise ein Leukozyten-lnterferon oder ein Fibroblasten-lnter- 
feron ist, insbesondere dann, wenn das Interferon a-lnterferon oder ^-Interferon, speziell a-2-lnterferon 

is oder a-1 -Interferon, ist 

7. Zusammensetzung nach irgendeinem der Anspruche 1 bis 6, dadurch gekennzeichnet, daft das 
Interferon durch DNA-Rekombinationsmethoden hergestellt ist. 

8. Zusammensetzung nach irgendeinem der Anspruche 1 bis 7, dadurch gekennzeichnet, daft 5 
bis 25 mg, vorzugsweise 7 bis 22 mg, Glycin auf jeweils 1x10 4 bis 5x10 8 Internationale Einheiten 

20 interferon voiiiegen. 

9. Zusammensetzung nach irgendeinem der Anspruche 1 bis 7, dadurch gekennzeichnet, daft sie 
1 x 1 0 6 bis 1 x 1 0 8 Internationale Einheiten Interferon auf jeweils 5 bis 1 50 mg, vorzugsweise 5 bis 25 
mg, insbesondere 7 bis 22 mg, ar-Alanin, Glycin oder deren pharmazeutisch unbedenklicher Salze 
enth3lt, wobei das Gewicht irgendeines Derivats des Glycins oder a-Alanins als freie Aminosaure 

25 berechnet wird. 

10. Zusammensetzung nach irgendeinem der Anspruche 1 bis 9, dadurch gekennzeichnet, daft sie 
1 x10 8 bis 1 x10 8 Internationale Einheiten a-lnterferon, insbesondere a-2-lnterferon, etwa 5 bis 25 mg, 
vorzugsweise 7 bis 22 mg, a-Alanin oder insbesondere Glycin, ein vertragiiches Puffer-System, das so 
eingerichtet ist, daB es einen pH von etwa 7,0 bis 7,4 in der rekonstituierten Losung herstellt, ins- 

30 besondere eine Mischung aus Dinatriumhydrogenphosphat und Monoatriumdihydrogenphosphat, 
sowie etwa 1 mg Human-Albumin enthalt. 

11. Verfahren zur Herstellung einer Zusammensetzung nach Anspruch 1 mit den Schritten: Auf- 
fosen der Aminosaure ausgewahlt aus Glycin, a-Alanin und deren pharmazeutisch unbedenklichen 
Salzen oder eines Derivats derselben. eines vertragiiches Puffer-Systems, gegebenenfalls des Human- 

35 Albumins, und des Interferons in sterilem Wasser und Lyophilisieren der erhaltenen Losung. 

12. Verfahren zur Stabilisierung einer lyophilisierten pharmazeutischen Zusammensetzung zur 
Rekonstitution mit sterilem Wasser, enthaltend interferon und ein vertragiiches Puffer-System, da- 
durch gekennzeichnet, daft eine stabilisierende Menge einer Aminosaure ausgewahlt aus Glycin, a- 
Alanin und deren pharmazeutisch unbedenklichen Salzen oder eines Derivats derseiben vor dem 

40 Lyophilisieren in die Zusammensetzung eingearbeitet wird. 
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D scription 

Th pr sent inv nti n r lates to a-interf ran formulations having improved stability and to methods 
for their preparation. 

Th formulations of the present invention are useful in preparing sterile solutions, especially for 
injection or for use as nasal sprays, nasal solutions or ophthalmic solutions, or in the preparation of 
ointments, wherein a-interferon is the active drug, a-lnterferon shows great potential in the treatment of a 
wide variety of disease states and particularly of various types of viral infections. 

The well-known instability of a-interferon solutions makes it difficult to formulate stable compositions 
for clinical or veterinary use. Accordingly, it has been proposed to package a-interferon in lyophilised form 
tor ^constitution with sterile water. Such a composition will contain a buffer to maintain a 
pharmaceutical^ acceptable pH when the solution is reconstituted and also sufficient sodium chloride to 
make the reconstituted solution isotonic. However, even in such a lyophilised composition, the a-interferon 
shows very limited and insufficient stability. 

We have surprisingly discovered that the incorporation of certain amino acids and simple derivatives 
thereof into lyophilised a-interferon compositions yields a pharmaceutical^ acceptable lyophilised product 
that has significantly improved stability. Furthermore, it is possible by this means to obtain further 
advantages such as greater ease in the lyophilisation step itself, better ^constitution of the lyophilised 
product and better appearance of the product (in particular less colouration). 

•♦u The f? resent inventi °n therefore provides a lyophilised pharmaceutical composition, for reconstitution 
with sterile water, comprising a-interferon together with a stabilising amount of an amino acid or derivative 
thereof selected from glycine, a-alanine and pharmaceutical^ acceptable salts thereof, and a compatibl 
buffer system designed to maintain a pH of about 6.5 to &0 after reconstitution. Conveniently, there are 
about 1 x 10 to 5 x 10 a , preferably 1 x 10 6 to 1 x 10 8 , International Units (I.U.) of a-interferon present for 
every 5 to 1 50 mg of amino acid or derivative thereof, the weightof any derivative of the amino acid beinq 
calculated as free amino acid. 

The a-interferon used in the compositions according to the invention is preferably a human a- 
mterferon or another a-interferon suitable for use in humans, or a polypeptide exhibiting biological 
properties similar to those of such an a-interferon. In particular, the human a-interferon may be a leukocyte 
interferon, and may have been prepared either by cultivation of leukocytes or by cultivation of 
microorganisms suitably programmed, through genetic engineering, i.e. by recombinant DNA methods, to 
produce such a-interferons or equivalent polypeptides. 

It should be noted that a number of a-interferon species are known, usually designated by a numeral' 
after the Greek letter. Also included within the scope of this invention are the so-called hybrid interferons 
wherein fragments of two or more native interferon species are joined. See, for example, EPA 51873 
wherein hybrids of a-interferons are described. An example of such a hybrid a-interferon comprises the 
first 92 ammo acids of a-1 interferon joined to a fragment comprising amino acids 92—165 of a-2 interferon 
(carboxy terminal portion). A particularly preferred form of a-interferon for use in the formulations of the 
present invention is a-2 interferon, especially a-2 interferon prepared by recombinant DNA methods, for 
example those disclosed by Nagata et al, in "Nature", Vol. 284, pages 31&-320 (1980). Another preferred 
forrn of a-interferon for use in the formulations of the present invention is a-1 interferon, especially a-1 
interferon prepared by recombinant DNA methods. 

The specific activity of the a-2 interferon used in the formulations of the present invention should 
desirably be at least 5 x 10 7 LUVrng. protein (of the interferon component), and preferably at least 1 x 10 8 
LLUmg. protein. Specific activity may be determined by measuring the antiviral activity as compared to the 
NIH reference standard and by measuring the total protein content using standard methods (e.g. the Lowry 
method). Similarly, high specific activity is desirable for clinical use of other interferons. At high levels of 
specific activity maintaining stability has hitherto been particularly difficult. 

The amino acids are preferably used as the amino acids themselves, that is a glycine and a-alanine. 
Under these circumstances, about 5 to 150 mgs., preferably 5 to 25 mg, especially 7 to 22 mg, of a-alanine 
or especially of glycine will be present for 1 x 10 4 to 5 x 10 8 I.U. of interferon. 

A composition containing these amounts of the ingredients is suitable for reconstitution by 1 ml. of 
steme water. 

The buffer system present in the compositions according to the invention is selected to be 
physiologically compatible and to maintain a desired pH in the reconstituted solution and also in the 
solution before lyophilisation. The pH of the reconstituted compositions of the present invention, especially 
those comprising a-2 interferon, should be about 6.5 to 8.0, preferably about 7.0 to 7.4. A preferred buffer 
system especially for compositions of a-2 interferon comprises disodium hydrogen phosphate and mono- 
sodium dihydrogen phosphate. 

Whether an amino acid itself or a salt thereof is used, the buffer will b chos n to adjust the pH of the 
composition (after reconsitution) to a value within the desired range as indicated above. 

Further components may be present in the compositions according to th invention, provided that th y 
are physiologically compatible and are in no way detrimental to the interferon. In particular, a further 
stabiliser may be added. A preferred further stabiliser is albumin, especially human albumin when the 
compositions are designed for clinical use. For the above-mentioned quantity of amino acid (or derivative 
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thereof calculated as amino acid), namely 5 to 150 mg f (in particular preferably 5 to 25 mgs. of glycine), up 
to about 10 mg. of albumin, especially about 1 mg ( may be added. 

If the amount of a-interferon in a mililiter of reconstituted solution is to be less than about 5 x 10 6 1.U., 
the addition of albumin is very desirable. 
5 A particularly preferred embodiment of the present invention contains the cited ingredients in the 
f Mowing proportions. 

1 x 10 6 to 1 x 10 8 of a-interferon (especially ct-2 interferon); 

about 5 to 25 mg, preferably 7 to 22 mg, of a-alanine or especially of glycine; 

a compatible buffer system designed to provide a pH of about 7.0 to 7.4 in the reconstituted solution; 
to and about 1 miligram of albumin. 

The invention further provides a process for the preparation of a novel composition as defined above 
which comprises the steps of: dissolving the amino acid or derivative thereof selected from glycine, a- 
alanine and pharmaceutically acceptable salts thereof, a compatible buffer system, optionally human 
albumin, and the interferon in sterile water; and lyophilising the resulting solution. 
15 The water used in reconstituting the compositions of the present invention may also contain 
compatible ingredients, in particular preservatives such as methyl or isopropyl p-hydroxy-benzoate. Such 
preservatives are advantageous where the resulting solutions will be used not as a single dose but for 
multiple applications, for example as nasal or ophthalmic solutions. 

The following non-limiting examples illustrate the preparation of a sterile lyophilised powder for 
20 preparing injectable solutions of an interferon; the preferred interferon is a-2 interferon. 



Example 1 

25 Solution for Lyophiiisation {1000 vials; 1 ml. per vial) 
Formula 

Interferon 7.5 x 10 10 I.U. 

30 Disodium Hydrogen Phosphate, 

Anhydrous, USP, Reagent 2,27 grams per liter. 

Sodium Dihydrogen Phosphate, USP 0.55 gram per liter. 

35 Glycine, USP 20.0 grams per liter. 

Human Albumin, USP 1.0 gram per liter. 

Water for Injection, USP q.s. ad 1.0 liter. 

40 

Method of manufacture: 

1. Charge a portion of the water into a suitable vessel equipped with an agitator. 

2. Charge and dissolve with agitation the sodium phosphates. 

3. Charge and dissolve with agitation the glycine. 
45 4. Charge and dissolve with agitation the albumin. 

5. Charge and dissolve with agitation the Interferon. 

6. Bring the batch to final volume with Water for Injection, USP. 

7. In a sterile area, aseptically filter the solution into a sterilized vessel through a sterilised 0.2 micron 
filter which has been washed and tested for integrity. Test the integrity of the filter after filtration. 

so 8. Aseptically fill the solution into sterilised vials. 

9. Aseptically load the filled vials into a sterilised lyophiliser. 

10. Aseptically lyophilise the solution. 

1 1 . Aseptically stopper the vials. 

12. Apply the seal and crimp the vials. 

55 y : 

Method of lyophiiisation (using a shelf lyophiliser) 

1. Precool the shelves to -30°C. \ 

2. Load the vials into the chamber. 

3. Allow th solutions to freeze. Cool the condenser to -45°C or below. Start the vacuurrvMaintain 
60 shelf temperature at -30°C for at least 12 hours. 

4. Increase shelf temperatures at a relatively constant rate to no more than +25°C in a period of.no. less 
than about 24 hours. - t , 

5. When the product temperature reaches +25°C, flood the chamber with sterile nitrogen until it 
reaches atmospheric pressure. Stopper th vials in the chambers. 

65 6. Remove the vials from the chamber and seal them. 
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Example 2 

A preferred formulation of the present invention wherein th interferon is a-2 interferon is prepar d by 
following the procedure f Exampl 1, using a-2 interferon as the interf ran but substituting a-interferon 
for glycine. 

Example 3 

A preferred formulation of the present invention wherein the interferon is a-1 interferon is prepared by 
following the procedure of Example 1 but using a-1 interferon as the interferon. 

Example 4 

Another preferred formulation of the present invention is prepared by following the procedure of 
Example 1 but using a-1 interferon as the interferon and substituting a-alanine for glycine. 

Per cent recovery of a-2 Interferon from different formulations under different storage conditions. 





Storage time 
(months) 


Storage 
temperature (°C) 


I 


•Formulations 

II III 
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25 


100 100 100 
% recovery of a-2 Interferon 
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•Formulations: 

I: According to present invention, lyophilised; 
35 II: Phosphate buffer with saline, pH 7,4, solution 

III: Formulation II, lyophilised. 



Claims 



1. A lyophilised pharmaceutical composition for reconstitution with sterile water, comprising a- 
mterferon, a stabilising amount of an amino acid or derivative thereof selected from glycine, a-alanine and 
pharmaceutical^ acceptable salts thereof, and a compatible buffer system designed to maintain a pH of 
about 6.5 to 8.0 after reconstitution. 
45 2. A composition as claimed in claim 1 wherein there are about 1 x 10 4 to5 x 10 8 International Units of 
a-interferon present for every 5 to 150 mg of amino acid or derivative thereof, the weight of any derivative 
of the amino acid being calculated as the free amino acid. 

3. A composition as claimed in claim 1 or claim 2 comprising also up to about 10 mg, preferably about 1 
mg, of human albumin for every 5 to 150 mg of amino acid or pharmaceutical^ acceptable salt thereof. 
so 4. A composition as claimed in any of the claims 1 to 3 wherein the buffer system is designed to 
maintain a pH of about 7.0 to 7.4 after reconstitution. 

5. A composition as claimed in any of the claims 1 to 4 wherein the buffer system comprises disodium 
hydrogen phosphate and monosodium dihydrogen phosphate. 

6. A composition as claimed in any of the claims 1 to 5 wherein the a-interferon is a human interferon, 
55 preferably a-2 interferon or a-1 interferon. 

7. A composition as claimed in any of claims 1 to 6 wherein the a-interferon has been prepared by 
recombinant DNA methods. 

8. A composition as claimed in any of claims 1 to 7 wherein there are by 5 to 25 mg, preferably 7 to 22 
mg, of glycine for every 1 x 10 4 to 5 x 10 8 International Units of a-interferon. 

60 9. A composition as claimed in any of claims 1 to 7 containing 1 x 10 6 to 1 x 10 8 International Units of 
a-interferon for every 5 to 150 mg, preferably 5 to 25 mg, especially 7 to 22 mg, of a-interferon, glycine or 
pharmaceutical^ acceptable salts thereof, the weight of any derivative of the glycine or a-interferon being 
calculated as fr e amino acid. 

10. A composition as claimed in any of claims 1 to 9 comprising: 1 x 10 s to 1 x 10 8 International Units 

5 5 of a-interferon, especially a-2 interferon; 
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about 5 to 25 mg, preferably 7 to 22 mg, of a-alanine or especially glycine; 

a compatible buffer system, especially a mixture of disodium hydrogen phosphate and monosodium 
dihydrogen phosphate, designed to provide a pH of bout 7.0 to 7.4 in reconstituted solution; 
and about 1 mg of human albumin. 
s 1 1 . A proc ss for th preparation of a composition as claimed in claim 1 which comprises the steps of: 
dissolving th amino acid or a derivative thereof selected from glycine, a-alanine and pharm&ceutically 
acceptable salts thereof, a compatible buffer system designed to provide a pH of about 6.5 to 8.0 in the 
reconstituted solution, optionally human albumin, and the a-interferon, in sterile water; and lyophilising 
the resulting solution. 

io 12. A method for stabilising of a lyophilised pharmaceutical composition for reconstitution with sterile 
water to a pH of about 6.5 to 8.0 after reconstitution, comprising a-interferon and a compatible, suitabl 
buffer system, which comprises incorporating a stabilising amount of an amino acid or derivative thereof 
selected from glycine, a-alanine and pharmaceutical^ acceptable salts thereof into the composition before 
lyophilisation. 

75 

Patentanspruche 

1. Lyophilisierte pharmazeutische Zusammensetzung zur Rekonstitution mit sterilem Wasser, 
enthaltend a-lnterferon, eine stabilisierende Menge einer Aminosaure oder eines Derivats derselben 

20 ausgewahlt aus Glycin, a-Alanin und deren pharmazeutisch unbedenklichen Salzen sowie ein vertragliches 
Puffersystem, urn einen pH von etwa 6,5 bis 8,0 nach Rekonstitution aufrecht zu erhalten. 

2. ' Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, da(5 etwa 1 x IG^bis § x10 8 
Internationale Einheiten a-lnterferon auf jeweiis 5 bis 150 mg der Aminosaure oder ihres Derivats 
vorliegen, wobei das Gewicht irgendeines Derivats der Aminosaure als freie Aminosaure befechnet wird. 

25 3. Zusammensetzung nach Anspruch 1 oder Anspruch 2, dadurch gekennzeichnet, daS sie auRerdem 
bis zu etwa 10 mg, vorzugsweise etwa 1 mg, Humanalbumin auf jeweiis 5 bis 150 mg der Aminosaure oder 
ihres pharmazeutisch unbedenklichen Salzes enthalt. 

4. Zusammensetzung nach irgendeinem der Anspruche 1 bis 3, dadurch gekennzeichnet, daS das 
Puffer-System so eingerichtet ist, dalS es einen pH von etwa 7,0 bis 7 A nach der Rekonstitution 

30 aufrechterhahlt. 

5. Zusammensetzung nach irgendeinem der Anspruche 1 bis 4, dadurch gekennzeichnet* dalj das 
Puffer-System Dinatriumhydrogenphosphat und Mononatriumhydrogenphosphat enthalt. 

6. Zusammensetzung nach irgendeinem der Anspruche 1 bis 5, dadurch gekennzeichnet, daG das a- 
Interferon ein Human-lnterferon vorzugsweise a-2-lnterferon oder a-1 -Interferon, ist. , " 

35 7. Zusammensetzung nach irgendeinem der Anspruche 1 bis 6, dadurch gekennzeichnet, date das a- 
Interferon durch DNA-Rekombinationsmethoden hergestellt ist. 

8. Zusammensetzung nach irgendeinem der Anspruche 1 bis 7, dadurch gekennzeichnet, dafc 5 bjs 25 
mg, vorzugsweise 7 bis 22 mg, Glycin auf jeweiis 1 x 10 4 bis 5 x 10 8 Internationale Einheiten a-lnterferon 
vorliegen. 

40 9. Zusammensetzung nach irgendeinem der Anspruche 1 bis 7, dadurch gekennzeichnet, dafc sie 
1 x 10 6 bis1 x 10 8 Internationale Einheiten a-lnterferon auf jeweiis 5 bis 150 mg, vorzugsweise 5 bis 25 rng, 
insbesondere 7 bis 22 mg, a-Alanin, Glycin oder deren pharmazeutisch unbedenklicher Salze enthalt, 
wobei das Gewicht irgendeines Derivats des Glycins oder a-Alanins als freie Aminosaure berechnet wird. 
10. Zusammensetzung nach irgendeinem der Anspruche 1 bis 9, dadurch gekennzeichnet, daB sie 

45 1 x 10 6 bis 1 x 10 8 Internationale Einheiten a-lnterferon, insbesondere a-2-lnterferon, etwa 5 bis 25 mg, 
vorzugsweise 7 bis 22 mg, a-Alanin oder insbesondere Glycin, ein vertragliches Puffer-System, 
insbesondere eine Mischung aus Dinatriumhydrogenphosphat und Mononatriumhydrogenphosphat, zur 
Hersteilung eines pH von etwa 7 bis 7,4 in der rekonstituierten Losung sowie etwa 1 mg Human-Albumin 
enthalt. 

50 11. Verfahren zur Hersteilung einer Zusammensetzung nach Anspruch 1 mit den Schritten: Auflosen 
der Aminosaure oder eines Derivats derselben ausgewahlt aus Glycin, a-Alanin und deren pharmazeutisch 
unbedenklichen Salzen, eines vertraglichen Puffer-Systems zur Hersteilung eines pH von etwa 6,5 bis 8,0 in 
der rekonstituierten Losung, gegebenenfalls des Human-Albumins, und des a-lnterferons in sterilem 
Wasser und Lyophilisieren der erhaltenen Losung. 

55 12. Verfahren zur Stabilisierung einer lyophilisierten pharmazeutischen Zusammensetzung zur 
Rekonstitution mit sterilem Wasser auf einen pH von etwa 6,5 bis 8,0 nach Rekonstitution, enthaltend a- 
Interferon und ein vertragliches geeignetes Puffer-System, dadurch gekennzeichnet, dali eine 
stabilisierende Menge einer Aminosaure oder eines Derivats derselben ausgewahlt aus Glycin, a-Alanin 
und der n pharmazeutisch unb denklichen Salzen vor d m Lyophilisi ren in die Zusammensetzung 

6o eingearbeitet wird. 



Revendications 
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1. Composition pharmaceutique lyophilis6e pour reconstitution avec de I'eau sterile, comprenant I'a- 
interferon, un quantity stabilisante d'un acide aminfi ou set de celui-ci choisi parmi glycine, a-alanine et 
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leurs s Is acc ptabl s en pharmacie, et une systeme tampon compatible, concu pour maintenir un pH 
d'environ 6,5 a 8,0 apres reconstitution. 

2. Composition selon la revendication 1 caracterisee en c qu'elle comprend environ 1 x 10 4 a 5 x 10 8 
Unites Internationales d'a-interferon pour chaque 5 a 150 mg d'acide amine ou deriv' de celui-ci, le poids 
de tout derive d'acide amine etant calcule par rapport a I'acide amin ' libre. 

3. Composition selon la revendication 1 ou 2 caracterisee en ce qu'elle comprend egalement jusqu'a 
environ 10 mg, et de preference 1 mg d'albumine humaine pour chaque 5 a 150 mg d'acide amine ou sel 
acceptable en pharmacie de celui-ci. 

4. Composition selon I'une des revendications 1 a 3, caracterisee en ce que le systeme tampon est 
destine a maintenir un pH d'environ 7,0 a 7,4 apres reconstitution. 

5. Composition selon I'une des revendications 1 a 4, caracterisee en ce que ie systeme tampon 
comprend de I'hydrogeno phosphate disodique et du dihydrogSno phosphate monosodique. 

6. Composition selon I'une des revendications 1 a 5, caracterisee en ce que i'a-interferon est un 
interferon humain, de preference a-2 interferon ou a-1 interferon. 

7. Composition selon I'une des revendications 1 a 6, caracterisee en ce que I'a-interferon a ete prepare 
par des procedes de recombinaison d'ADN. 

8. Composition selon I'une des revendications 1 a 7, caracterisee en ce qu'elle comprend 5 a 25 mg, de 
preference 7 a 22 mg, de glycine pour chaque 1 x 10 4 a 5 x 10 8 Unites Internationales d'a-interferon. 

9. Composition selon I'une des revendications 1 a 7, caracterisee en ce qu'elle comprend 1 x 10 6 a 
1 x 10* Unites Internationales d'a-interferon pour chaque 5 a 150 mg , de preference 5 a 25 mg, et 
specialenient 7 a 22 mg d'a-alanine, glycine ou de leurs sels acceptables en pharmacie, le poids de tout 
derive de glycine ou a-alanine etant calcuie par rapport a I'acide amine libre. 

10. Composition selon I'une des revendications 1 a 9, caracterisee en ce qu'elle comprend 1 x 10 6 a 
1 x 10 8 Unites Internationales d'a-interferon, et specialement a-2 interferon; environ 5 a 25 mg, et de 
preference 7 a 22 mg d'a-alanine ou en particulier de glycine; un systeme tampon compatible, en 
particulier un melange d'hydrogeno phosphate disodique et de dihydrogeno phosphate monosidique, 
destine a fournir un pH d'environ 7,0 a 7,4 dans la solution reconstitute, et environ 1 mg d'albumine 
humaine. 

11. ProcSde* de preparation d'une composition selon la revendication 1 caracterise en ce qu'il 
comprend les etapes de: dissoudre I'acide amine ou derive de celui-ci choisi parmi glycine, a-alanine et 
sels acceptables en pharmacie de ceux-ci, un systeme tampon compatible, congu pour produire un pH 
d'environ 6,5 a 8,0 dans la solution reconstitute, eventuellement de I'albumine humaine, et I'a-interferon, 
dans de I'eau sterile; et lyophiliser la solution tesultante. 

12. Procede pour la stabilisation d'une composition pharmaceutique lyophilisee pour reconstitution 
avec de I'eau sterile a une pH d'environ 6,5 a 8,0 apres reconstitution, comprenant I'a-interferon et un 
systeme tampon compatible et approprie, caract6ris6 en ce qu'il comprend ('incorporation d'une quantite 
stabilisante d'un acide amine ou derive de celui-ci choisi parmi glycine, a-alanine et sels acceptables en 
pharmacie de ceux-ci dans la composition avant lyophilisation. 
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